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Extended Written Remarks:

Chairman Wyden, Senator Allen, members of the subcommittee, | thank you for dlowing me—
on behaf of Hewlett-Packard Company — the opportunity to testify before you on the topic of
nanotechnology.

Few words have generated as much hype and controversy over the past few years as
“nanctechnology’. On the one hand, some enthusiasts have established a quasi-religion based
on the bdlief that nanotechnology will generate infinite weath and life-spansfor dl humans. On
the other, darmigts fear that nanotechnology will somehow end life as we know it, either by
poisoning the environment or releasing some type of self-replicating nanobot that conquers the
earth. Nether scenario is redligtic, and both have been propagated by people who are good
communicators but actualy have no rdevant scientific experience in the nanosciences.

This knowledge gap exigts primarily because most scientists actudly working in thefidd are
either unable to communicate what they are doing to lay audiences or think they are too busy to
try. | am afraid that many scientists are guilty of believing that the public in genera and policy
makersin particular are incapable of understanding science, and that their work should be
supported smply because it isimportant and beautiful. This patronizing attitude has not served
the citizens of the US or American scientigts. It is certainly true that policy makers do not have
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the time to understand the full details of the research in any field of scientific endeavor, just as
most scientist have no clue about the intricacies of the legidative process. However, we owe it
to each other and to the American public to engage in meaningful dialog. Our two communities
may not understand the details of what the other does, but we should each gppreciate what the
other hasto contribute to the overdl benefit of society.

| will attempt to provide you with some of that gppreciation today by providing ahigh-level
description and a series of analogies, each of which is certainly flawed but taken together | hope
they provide you with a picture that you can utilize in your ddiberations. Nanotechnology is
particularly frugtrating to describe. It isnot onething, and it is certainly not dl things. | have
been told by public rdations expertsthat | need to smplify the field and provide asinglerdlying
point upon which policy makers can focus. However, thiswould do agrave injustice to the field
and | think in thelong run it isan insult to your intelligence. Therefore, let me attempt to
describe what nanotechnology has to offer by delving into some of the complexity.

Firgt, one needs to appreciate the smallness of a nanometer. Congder shrinking yourself down
indl three dimensons by afactor of 1000 — you would become the Sze of afairly smdl ant.
Now take that ant and shrink it down by afactor of 1000 — it would be about the sze of a
sangle red blood cdll, which are the smdlest cdlsin your body. Findly, shrink that red blood
cdl by afactor of 1000 — that isthe Sze of a nanometer, essentidly the width of afew atoms.
When thinking explicitly about this as afundamental building block, Richard Feynman was truly
prescient when he said there is * plenty of room at the botton .

Nanoscience, the study of structures that are afew nanometersin size, isthe field where
hundreds of years of advancesin the fidds of physics, chemistry and biology have come
together in just the past decade. Each discipline naturaly and separately evolved toward this
common god through a series of intellectud advances, instrument developments and
experimental discoveries. A sgnificant fraction of the Nobe prizesin physcs, chemistry and
medicine in the past 10 years have been awarded for research discoveries a the nanoscale.
Now that al three disciplines have arrived a this same god, each hasredlized that it can learn
much from the others, so that the field of nanoscience has transcended traditiona academic
boundaries. Engineers have been very quick to adapt the insghts gained at the nanoscae, and
in many cases have actudly been the leaders in recognizing the trans-disciplinary synergies
avalable. Materid science, bio-engineering and eectrical engineering are adl rgpidly becoming
components of a nano-engineering super-discipline. The unifying issue for engineering isthat the
intringc properties of matter, such as color, chemica reactivity, and eectrica resgtivity, depend
on Sze and shape only & the nanoscale. Thus, nano-engineered systems have the broadest
possible range of properties that can be designed, which in turn means that building anything
with control down to the nanometer scae will enable them to be produced in the most efficient
possible manner. Thus, nanotechnology can and will be gpplied to everything made by human
beings— it will dlow usto dramaticaly improve nearly everything that we currently make, and it
will enable usto create an entire range of new materias, medicines and devices that we cannot
even concelve of today. Human clevernessis a a premium — which means high value added
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products and high wages for companies and countries that dominate nanotechnol ogy.

With that said, we must redlize that nanotechnology is a collection of new tools availableto a
broad range of scientists and engineers— it is not a complete solution to any problem. For the
next severa decades, there will be very few cases in which an entire product is the result of
nanotechnology, but more and more we will find that the crucia or enabling component of a
system is engineered at the nanometer scale. A current example of thisis the giant magneto-
resstance, or GMR, read head currently found in hard disk drives for computers — the recent
dramatic increase in storage capacity of disk drivesisdirectly attributable to the fact that GMR
heads have components that are nano-engineered. The value of the read heads doneisfairly
amdl, but they enable amulti-billion dollar per year industry. Indeed, Matthias Werner of
Deutsche Bank has estimated that the tota value of nanotechnol ogy-enabled products will be
$116 hillion in 2002, and will increase dramatically in the near future. Thus, as we think about
increasing support for the US Nanotechnology Inititive, we must not neglect other disciplines
that will aso be contributing necessary components to complete solutions. Asindl things, a
balanced gpproach is essentidl.

=  What are the recent advances in nano science and engineering?

There have been so many recent advances in the nano sciences and engineering in recent past |
could teke up dl my time just liging them. Let me give just three examples that illudtrate the
breadth and scope of what is possible in the present, the near future, and the longer term.

During the past couple of years, a Sgnificant number of new nanocomposite materids have
come into the market place. These materias are engineered to combine properties that natura
materids have never displayed, such as hardness and toughness. Naturdly hard materias such
as diamond shatter easily, whereas naturaly tough materias like wood are easy to scratch or
dent. However, by mixing hard and tough materias at the nanoscae, new composite materias
can be made with levels of the two properties never seen before. In the past year, Generd
Motors has introduced a polymer-clay nanocomposite materid that is used for adeder instaled
optiona running board on their SUV's and pickup trucks. This materid is not only harder and
tougher, but it isdso lighter and more easily recycled than other reinforced plastics, and GM
plansto utilize it in more and more components of their vehicles as economies of scde make it
cheaper. In this one example, we see that a nanotechnology can help the fuel economy, the
safety, the maintenance cogt, and the ecologica impact of our transportation system. In the
future, nanocomposites will become increasingly sophisticated and truly smart, with the ability to
adapt to new environments and even to self-repair.

One of the most sgnificant nanoscience discovories of the past couple of yearsthat came out of
Stanford, Harvard and UCLA isthat nanowires, epecidly carbon nanotubes and
semiconductor wires, can be used as extraordinarily sengtive detectors of light and of chemica
and biological agents. In this case, the nanowires have such asmadl diameter that any change on
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the surface of the nanowire has a dramatic effect on its dectricd conductivity. Thereisdready
adggnificant activity in the US and abroad to build sensors based on this discovery. These
sensors can be used for medica diagnostics to detect and report extremey small amounts of
pathogens for the early detection of disease such as aknown cancer or even anew bacteria or
vird infection not previoudy known. Prof. James Heeth of UCLA has proposed avisonin
which alaboratory on a chip with nanosensors could help investigators go from anew ‘bug to
drug’ in 24 hours. However, probably their most pressing near term application will be for
security gpplications for the detection of explosives, chemicd warfare agents and biologica
threats. Given an gppropriate leve of support, it should be possible to begin deploying such
Sensors in sendtive areas within two to three years. Given economies of scale, it should be
possible on the five to ten year time frame to chegply manufacture such sensors in the hundreds
of millionsto hillions of unitsto provide continuous monitoring our public buildings, post offices,
trangportation networks and other ingtitutions vulnerable to terrorist attack.

| will dso mention that on alonger time frame, recent discoveries and announcements in the area
of nanod ectronic memory and logic circuits promise to extend the dramatic improvementsin
performance for cost that we have seen over the past 40 years. These advances promise to
extend the economic benefits of the dectronicsindustry that the US has enjoyed for severa
decades, and dso continue the efficiency with which we conduct our business and government
affars. We will see awide variety of new products emerging, but most important of al we will
See our eectronic tools become much easier and intuitive to use.

=  What isthe sgnificance of and potentid for the development and deployment of
nanotechnology?

From these examples, we can see that nanotechnology has the potentia to greetly improve the
properties of nearly everything that humans currently make, and will lead to the creation of new
medicines, maerids and devices that will substantialy improve the hedlth, wedth and security of
Americanand globd citizens.

= |sthe Federd Government adequately investing in nanotechnology (i.e. perspective on the
National Nanotechnology Initiative)?

Given the garting point of the NNI in the year 2000 and budgetary redlities, | think the current
funding for nanotechnology is appropriate. 1t would be a mistake to put too much money
earmarked for nanotechnology too quickly into the research community, since it could not adjust
and efficiently absorb that funding . However, current experiences show that the number of
excellent proposals for research funding in nanoscience and engineering far outstrips the
available funds, and thus the ramp-up must be steep, approximately 30% per year, and
sugtained for at least the next five years. A Nationd Nanotechnology Program will dlow for
continuous monitoring and feedback to make sure that the best ideas are funded. Also,
increases in nanotechnology support must be consistent with an overdl increase in the tota
physica science and engineering base in agencies such as the Nationa Science Foundation, the
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Department of Energy, and the Department of Defense.

As anation, we have neglected our investments in physica sciences and engineering over the
past decade. We have forgotten that these have been the driversfor our current leve of
materid well being. The anaogy isthat physica science and engineering have been orchards,
and we have been busily harvesting the fruits of those orchards for the past 20 years. However,
we as a hation have forgotten thet if we want to continue to harvest from such orchards, we
must continualy be planting new trees. Asafraction of GNP, our investmentsin basic research
in the physica sciences and engineering have declined nearly 30% over the past decdade. This
state of affairs has convinced American young people that thereis no future for them in these
disciplines, even though the potentid in these areasis gredt.

=  Asanexpet and aleader in thisfield what are your concernsin the nanotechnology area?

My primary concern is that we in the United States will not have enough of the best researchers
to be the leadersin thiscrucid area. Currently, the US s supplying approximately 25% of the
globa federd funding for nanotechnology. Other countries are determined to keep pace and
even surpass our efforts. Even though Japan has experienced sgnificant economic problems,
they make certain that their NNI meets or exceeds the funding levels approved inthe US. The
European community is doing the same. Korea, Singapore, Taiwan and China are pouring a
much higher percentage of their economy into research in this area, and when considering the
locd purchasing power of currencies, the PRC hasthe largest NNI in the world in terms of the
number of researchersthey intend to support. Another significant part of the NNIs of al other
nationsis that they have set asde sgnificant funds to recruit senior and talented researchers from
other countries, and for the most part they are targeting the US. The primary requirement for
federa support of basic research, from alarge corporation point of view, isthe training of the
people needed in our corporate research and devel opment labs to invent the new products that
secure our futures. We are going to have to be smarter and more efficient going forward — we
need cooperation among government at al levels, nationd labs, and corporate R& D facilities.

| dso have some secondary concerns for the future health of the US R&D enterprise.

Largdy asareault of the lack of federa funding for research, American Universities have
become extremely aggressive in their attempts to raise funding from large corporations.

Severe disagreements have arisen because of conflicting interpretations of the Bayh-Dole act.
Large US based corporations have become so disheartened and disgusted with the Situation
they are now working with foreign universities, especidly the dite indtitutions in France, Russa
and China, which are more than willing to offer extremely favorable intellectud property terms.

The situation with respect to corporate partnering with US Nationd Labsis not much better. In
this case, inconsstent policies, the long time lines to negotiate relaionships, and congtantly
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shifting government priorities often make it too difficult for companies to partner with Nationd
Labs. Again, thereisan internationa market place. Nationa Labsin other countries are
aggressively courting American companies. Perhgps the mgor example of thisis Center for
Innovation in Micro and Nano Technologies, or Minatec, in Grenoble, France, which provides
access to facilities and a source of students for companies that locate research labs on their
campus.

The most important problem of dl isthat we have logt sight of the fact that government and
corporate funds spent on research are not expenditures or luxuriesthat can be cut a awhim,
they are essentia investments to the long term viahility of an enterprise. We have neglected
those investments for along time now. The prosperity of the 1990’ s was prepared by the
investements of the 1960’ s, when the US federa goverment was investing 2% of GNP on
R&D. That investment has paid off many fold over the decades, but because we became
wesdlthy, we forgot that we needed to keep investing to stay wedthy. The impatience of
corporate boards and ingtitutiona investors have placed too strong afocus on short term results
with too little long-term investment. A sgnificant factor in the current economic Stuation,
especidly in the high tech sector, is that we do not have enough new and compelling products
and services to generate customer demand. Theinternet bubble was afailed experiment to
subgtitute clever business plans for new goods.

= How should and could government-industry collaboration enhance research and
development in the nanotechnology area?

The US government has severd rolesto play to insure that Americaleadstheworldin
nanotechnology. Thefird isto invest sufficiently in the basic research enterprise, which
produces the scientists and engineers who will invent the future. The second isto act asan early
adopter of new technologies, especidly in the areas where technological advantage enhances
our security. Findly, government should consider anew role, that of mediator to bring together
academic, corporate and nationa research labs so they can work together and the nation can
ghare in the benefits of their discoveries.



